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l.Introduction. 



I am still focussing on the development of rapid techniques to detect 
point mutations in mammalian cells. There are at least two categories of 
point mutations; (1) those for which you already know the DNA sequence 
change, and (2) those that might be somewhere in the gene that you are 
interested in, but you are not sure where. Point mutations that are in the 
first category include the human hemoglobinopathies (sickle cell anemia, 
etc), alpha- 1 -antitrypsin deficiency and HLA alleles. Point mutations in the 
second class include the newly arising point mutations responsible for 
some of the Lesch-Nyhan cases in our collection and (probably) some of the 
mutations leading to DMD. 

Point mutation detection techniques can be divided into a similar two 
categories; (1) techniques that are only useful if you already know what 
the mutation is, or (2) Procedures that can 'scan 1 a large length of DNA or 
RNA for a single base change. Allele Specific Oligonucleotide (ASO) probing 
is a procedure for identifying well characterised point mutations. RNase A 
cleavage, denaturing gradient gel electrophoresis and the 
strand-displacement assay (Figure One) are all procedures for 'scanning' for 
new mutations. 

Each of these procedures can be used in conjunction with the 
polymerase chain reaction (PCR) procedure, which can amplify target 
sequences and simplify the subsequent analyses. PCR has also opened up 
the possibility of direct DNA sequencing, either to detect a previously 
known mutation or to look for new ones. In this report I will describe a 
number of different experimental -point mutation detection systems that I 
have been exploring. Almost all of these are PCR based* They include 
denaturing gradient gel electrophoresis and direct sequencing strategies 
(with Richard Blaszak), and point mutation detection by competitive 
oligonucleotide priming (with Nikki Nguyen). 

2. Optimising PCR Reaction Conditions. 

We now have quite a bit of experience with the 'basic' PCR reaction. At 
first the reaction did not work at all, but fiddling with several variables has 
identified conditions that give consistendy good amplification. Because 
there are a large number of variables, most results are 'anecdotal 9 . Below 
are the final conditions that we arrived at for\amplifymg fragments of 30 
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the internal probes. Good signals were not obtained. Sometime was spent 
determining good conditions for blotting small fragments (Figure Five) and 
we found that a 1.5% agarose gel, transfered to to 'Zeta-Probe* in o.4N alkali 
gave a substantially better result than NuSieve and/or genesreen. 

Meantime, we also found that primer extension provided an easier and 
more sensitive assay for the PCR products (Figure Six). We have since 
avoided the filter hybridisations wherever possible. The identification of 
DMD deletions by this method is shown in Figure Seven. 

4. PCR and Direct DNA Sequencing. 

If you can identify a PCR internal primer-extension product on a gel, 
then you are close to a DNA sequencing strategy. We have tried several 
times to break down a primer extension product with a dideoxy chain 
termination ladder, but have not yet done so. An example is shown in 
Figure eight. There is now published one example of direct DNA 
sequencing of PCR products from mammalian cells, and we note that they 
use 36 rounds of PCR followed by a gel purification step. These 
experiments are ongoing. We emphasise that although we feel that the 
direct sequencing will be a powerful tool, it will be no means preclude the 
use of other mutation detection techniques. 

5. PCR and Denaturing Gradient Gel Electrophoresis. 

The primer extension products mentioned above are suitable for 
analysis on denaturing gradient gels. We have the gel system running, as 
shown in Figure 9. So far primer extension products have not yielded 
products with good melt-transitions (see overhead). We believe this to be 
due to the short length of the duplexes that we have analysed. We intend 
to test out longer duplexes. 

6. Competetive Oligonucleotide Priming 

It is well established that oligonucleotides will bind to complementary 
DNA even when the homology is not complete. This is the basis of the ASO 
detection system, and is frequently used in PCR reactions and in site 
directed mutagenesis strategies. We have found, quite surprisingly, that 
when two oligonucleotides are supplied to a hybridisation reaction, at low 
stringency, then a 100% match is strongly favoured over a single base 
mismatch. We have demonstrated this with several different primers and 



C. Flourescent Probes 

We are collaborating with Ken Beatty to use the competeive oligo 
priming system with flourescently labelled oligo's to do simple detection of 
human disease mutations. Towards this end, I have synthesised oligos 
with a 5' aliphatic amino group, using commercially available witchcraft, 
and Ken Beatty has conjugated these to flourescent dyes. The relevant 
structures are in Figure Twelve. This strategy is being piloted on the spf 
cloned cDNA with flousescein and Texas Red tagged primers. 

D. Next 

The competetive priming system is ready to try on genomic DNA with 
flourescent primers. As an added refinement we are trying to construct a 
solid support for the 'universal' primer, to allow the thing to be automated 

6 Scheme To Revolutionise Mutagen Screening 

Finally, I would like to discuss an idea that Grant MacGregor and I have 
conceived for mutagen screening in mammalian cells. The strategy is 
shown in Figure Thirteen. The advantages of this scheme are that no 
selection need be imposed on the mammalian cells and that the precise 
DNA sequence changes that are induced can be readily obtained. The 
scheme will take advantage of an on-line detector that can do 
automated DNA sequencing. This machine is made by a company called EG 
and G, based in Boston. I have initiated a agreement for them to lend us a 
machine for two months to try some automated mutation detection 
strategies. One glitch in the scheme is that the background in the plasmid 
ligations may be high, but we are optimistic. 

7. Summary 

We are continuing to develop strategies for point mutation detection. 
Most are PCR based. PCR plus DNA sequencing and PCR plus denaturing 
gradient gel electrophoresis are almost working. A new point mutation 
detection strategy has been developed, based on competition between 
priming oligonucleotides. Competetive oligonucleotide priming has the 
potential to replace ASO probing for the detection of previously 
characterised point mutations. 
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Introduction 

My main aim is to develop improved methods for detection of point 
mutations in mammalian cells. The techniques being used are ribonuclease A 
(RNase A) cleavage, denaturing gradient gel electrophoresis, and the 
polymerase chain reaction (PCR) procedure for the amplification of specific 
nucleotide sequences. HPRT is serving as a 'model locus' for development of 
the procedures . 

Ultimately we want rapid procedures with the power for the detection of 
all possible point mutations. Neither RNase A cleavage nor denaturing 
gradient gel electrophoresis are capable of this in their current form. These 
procedures also share a problem with Southern and northern blotting- unique 
mammalian DMA sequences are rare and difficult to detect. PCR offers an 
approach to alleviate this limitation. 

In this report I will describe a procedure for the detection of point 
mutations using denaturing gradient gel electrophoresis and PCR, that is under 
development. I am focusing on this combination of procedures because they 
offer, for the first time, the potential to detect all point mutations in a 
simple, rapid, easy manner. Several other strategies for 'molecular 
diagnostics' using denaturing gradient gels, RNase A cleavage and PCR have 
been conceived. Some have been explored and will be discussed. The end of 
the spf mouse study will also be described. Finally, much of this work is 
dependent on the availability of synthetic oligonucleotides. Our new 
synthesiser will be up on the 26 th of May, and interested people can start 
placing orders. 



Denaturing Gradient Gel Electrophoresis and PCR with polyC Tails. 

Denaturing gradient gel electrophoresis can resolve point imitations in 

double stranded DMA due to the resultant differences in thermal melting 

temperatures (Tm's) of the duplexes. Because it is the formation of partially 

denatured molecules which results in changes in electrophoretic mobility, only 

single DMA base changes which are within the 'melting domains 9 with the lowest 

Tm 9 8 in DMA duplexes will be detected. Myers et al. have demonstrated that 

when a duplex is covalently linked to a highly GC rich DMA sequence then the 

probability of detecting point mutations is increased. This is because the GC 

'clamps' have a relatively high Tm f and so all the rest of the duplex must 

fall into a relatively low Tm region. Myers et al. used the approach of 

cloning the sequence to be analysed into a vector containing the beta-globin 

promoter, in order to introduce the GC clamps. This is too cumbersome for 

routine analysis of mammalian genes. Therefore an alternative approach to 

introduce the GC clamps will be employed. PolyC tails which are present on 

the 5 • end of oligonucleotides will be introduced into PCR amplified HPRT 
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sequences. The opposing primer for the reaction will be have a P end 
label. After PCR, the sequences of interest will be amplified, labelled and 
attatched to the GC clamp. These can be loaded directly onto a denaturing gel 
or alternatively, cut out of a NuSieve agarose gel and then run on the 
denaturing gel. 

Progress towards having this procedure up and running has been directed 
towards getting the PCR going and trying out the denaturing gradient gels. 
The PCR works fine on cloned DMA (second figure), using HPRT cDUA primers. 
PCR of exon 9 HPRT sequences and beta globin DMA sequences have both shown a 
band visible by ethidium bromide staining after twenty reaction rounds 



(third figure). The denaturing gradient gels have been run with 

'perpendicular* gradients, and two RHA:RHA hybrids generated from HPRT cDHA 

cloned into pTZ. Interesting patterns have emerged. The denaturing gradient 

gels were quite simple to form and run. Currently the limiting factor is 

oligonucleotides , which have been on order for some time. It is possible that 

the polyC tailed oligos will pose problems with the synthesis. Once our 

machine is running I will synthesise a stock of (C) , and then attempt to 
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ligate this to other oligos using a GGGG1IMIH 'splint*. 

PCR Diagnosis of DMD 

How that DMD gene sequences are available it is possible to try using 
some new 'tricks' to speed up DMD diagnosis. Oligos spanning short regions of 
DMD exons (from within pert 87.4 and 87.25) have been obtained. A high 
proportion of DMD cases are deleted for these sequences (5 - 20%). In these 
cases there will be no DMA sequences to prime, therefore no PCR reaction 
product. HPRT/ beta globin/alpha 1 antitrypsin primers can serve as internal 
controls and amplified products can be identified on agarose gels, or 
alternatively in a Southern blot or in a series of dot blots with oligos which 
are internal to the PCR primers. 

Sparse Pur OTC 

Since Steves last talk, we have conducted a functional analysis of the 
mutation that we have cloned from the spf mouse. We find that the cloned 
sequence mimics the previously reported pH dependent change in activity optima 
that was reported in the original spf mouse. Therefore, we believe that we 
cloned out the real thing and not some terrible artifact. 



Conclusion 

RMase A cleavage is no longer the primary focus for mutational 
analysis. PCR and denaturing gradient gel electrophoresis are currently 
favored as the best combination of techniques for detecting most point 
mutations. PolyC tailed oligonucleotide primers are about to be used to 
directly introduce GC clamps into PCR amplified DMA sequences. The spf 
mutation seems to have been identified correctly. 



1. It is well documented in several families that a new mutation deletion in 
the DMD locus was recurrent from a mother who had no somatic tissue evidence 
of the deletion. Presumably these mothers are gametic mosaics for the 
deletion. The frequency is unknown. I feel all our deletion cases should be 
reviewed (J.W.) for this setting and revised counseling (P.W. ) provided. PWD 
appears indicated until the risk is better documented. Conservative view. 

2. The time is ripe to initiate a paper on our deletion cases (J.W. ). This 
data is being put together by A. Roses and I'm sure others. I can help in the 
case identification 1-200. Beyond this point a review of each report is 
indicated. 



4. I am pleased we can proceed with DMD mouse paper. I suggest a table of 
RFLPs be added. If we have used Hind III, the gene position of the RFLP can 
be determined and stated. "Science" is the Target (JC) and submission should 
follow the L. Kunkel submission to "Cell" - soon. I now think mdx may be 
Beckers and urge that we examine all independent mdx for exon deletions with 
our mouse cDMA and consider RNAse A after Northers have been run. Jeff, I 
think you are logical for this but let's discuss.. To further refine the map 
position - I will write S. Orkin for CGA probe. We should keep in touch with 
Ed McCabe on Gkinase. I'd like to use H. Moser's AdLDys probe (T.W. ). This 
may make the present animals more informative. For future animals I feel 
survey of 100-200 males from MDXC57B/sp with G6PDH/CGP/DMD/G/K/a 
Galactosidase/ADLD/FACT0R8 is indicated. MDA will accept a grant for this 
study of MDX/DMD. I need to discuss with Jeff and Tom. Verne Chapman may be 
sensitive to our doing these studies. We will need to discuss with him. 



7. I doubt that L.Kunkel will provide us with materials for simplifying 
diagnostics. He may try to do it himself. I feel an effort at PCR for the 
exon used by Jeff to identify our clonses is indicated. The region is small 
The flanking sequence is published. We have mutants to test the idea. I'd 
like to discuss this with Jan and Richard. The long range goal would be a 
dot/blot for deletions which could span the gene but not examine all exons. 
The first to establish the principle will lead. MDA will accept a Task Force 
application on this approach. 
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DMA sequencing ladders of wild type (+) and sparse fur (spf) OTC cDMA 

constructs, showing the spf mutation; a C to A transverson at position 348. 

The templates were 'full length' OTC cDNA's, cloned into the eukaryotic 
expression vector p91023B. Sequencing was by the method of Chen and Seeburg 

(1985, DMA 4, 165) using double stranded DMA as a template. The same 

oligonucleotide primer used in the PCR reaction to isolate the spf mutation 

was employed for the sequencing of this construct. The DMA strand shown is 

the - strand, i.e. complementary to the cDMA strand shown in fig. one of the 

manuscript. The order of the sequencing tracks is T, C, A, G. 
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